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Brediding lology and description of the sdvertisement call of Litevia splendide are presemed. Analysis of g
call ol b cacrnden is also provided and shiows tiat thesesmalar, synlopic specios hayve stocturally similar calls
dind thus presumably show siepilican! geouste jaleractions in mised choruses
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Introduction

Litaria spleadida Tyler, Davies & Martin, 1977, s
one of the Largest [adult body lepgth 82 - 106110
Clyler 1992) | and nost beautiful Australian Trogs.
The species s thought o be sparsely distribujed
throughou the widespread escarpment country of the
Kamberley Division ol northern Western Australia
Clyler 1992) Loria splendida s notable tor:
hypurtroptned purotoid and rostrul glands (Tyler &
Davies 1993). a characteristic it shares  with
senescent members ol the closely related  Litoria
coterttles an dhility to ulilize glindulir sceretions s
awaterproal coverimg (Tyler & Davies 1993); and
the production of pharmacologically active caering in
the wkin secretions (Tyler & Davies 1993).

What Titde s known ol the reproductive biology of
Lo splemlida is based on reproduction by cuptive
mdividuals (Tyler 1994, [n an aquarium, a female
aid 20000 egps. depositing them in discrete clumps of
up o 200 egpey. which Tyler (19920 has sugacested
may reflect an adaptavon of femadles m the wild to
fay batches of egps in several temporary pouds Lo
maximize (he likelihood of at leasl some of (he
affspring surviving the larval stage. Maximuam
length of the wdpoles wus 54 mm (Tyler 1992),

Litearict splestedicli is known 1o call, and presumiably
brewd, ufter heavy rans in the early wet season (C.
Done. Department of Conseryation and  Land
Mapagement Kupunuren unpub. obs.). During (he
numerous field tripy 1o the Kimberley Division
undertaken by ane of us (GFW) and colleagnes from
the hniversity of Adelaide over the past 20 yeurs,
however, calls of the species have never heen heard
nor has breedimg been nbserved. In fuct, the species
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15 rarely encountered excepr when associaled with
artificral habitats. Tor esaniple 1oilet blocks. where
cool, monst sites are readily available (Tyler 1992),

Puring Jandary, 1997, we visiled the Kaounurri
arci und encountered o breeding chorus of L
splendidda, Here we deseribe the call of the species
and provide brief notes on associdted behaviour, and
alsoadescription ol the call ot syntopic L. caerulea,
i phylogeneticully closely reluted and ecologicully
similur species.

Mcethods

Recordings ot culls of Lo splendida were made
using o Sony TCD-5PRO cassette cecorder (tape
speed 4.76 ems ') and Beyer M-8R cardioid dynamic
microphone. For comparative purposes. one call of o
syOtopic Lo caerndea wis ohtwmed front i video
sequence of the hreedimg chorus (Canon Digital
cameorders Hio 8 mm wape). Air wet-bulh
temperatores (the eftective temperatore ol [rogs
culling vn Lind) were measured at the calling siee of
cuch mdividual using an electronie (hermistor
thermometer (Takara Digimulti Model D61
Recordings were analysed on o DSP 3500 digital
Sona-Ciraph (Kay Elemetries Corp.) using the in-
built set-up #10 [sampling rate (swples sec')
10240z frequency runget 4 kHz | with playback on
Nakamichi  Drugon  cassette  recorder,  Overall
variutions in tape speed (e, from recording (o
playback) are estimated ar less than (.5% and
frequency  responses  of all audio-electronic
components are close o limear within the relevunt
frequency  range  (hused on  maonuluctorers’
specilications)

For cach call, thice pramary attribules were
determimed: (1) duration, ws (he interval from the
beginning of the Oirst pulse to the end of the lust pulse
(ms): (1) number of pulses per note (direct count).
and iy dominant frequency (Hz). as the magimum
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value of the spectean of power geross the whale call,
In addition, o derived charaeterisiic, pulse repelition
e (pulses s ) was caloulaed as 1000 (-
pulses)yduration in ms. Levels ol resoluton were less
Han E s for wimporal characteristics and less than
10 Mz for reguency,

Because there is no possibility of misidentitying
these large and distinetive frogs and an the interests
ol their conservation. voucher specimens ol récorded

ales were pot taken. Video and - 35-mmi-
phitographic records of (he culling  males were
ohtuined.,

Results and Discussion

Breeding site and breeding helavivin

Breeding and callimg were observed, f(ollowing
fieavy aftemoon rain, on the night of 1801997 in in
ares ol sundstone escarpment adjacent to - Jarge,
wemporary pond neae the main car park within the
Midden Valley National Park, Kununura WA, The
pond was formed within an ill-defined watercourse
that ran along the base ol the elifls and was lTed by
run-otl frant a number of {emporary waterfulls thit
Mow down the cliff face after heavy rainfall.
Occasional calls of males at other nearhy sites were
heard but ehoris behaviour was confined 10 this one
sile, Four species o Irogs, Litoria splendida, L.
caerttlea, Lo vubella oand  Limaodynastes  orngins,
were culling avound the poned. Amplectant piis of L,
splonelicet oand L. cacridea were observed inand
around the pond, No pairs of the other two species
were seen, ulthough no exhaustive search wis carried
out, The foamy ege masses of Lo armatuy were
senttered over the pond as were large. Hoatmg,
single-lpyered  sheets o hylid eggs, presumably
(hose of Lo spleadida aind L. caeriled, although we
did not vhserve uny pairs of cither species depositing

cops, Nevertheless. contrary 1o the suggestion of

Tyler (1992, anhis occasion all L. splendida would.
ol necessity, huve deposied ther entire egg
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confplement it the one pond  because no- other
acuahie habitats were avilable in the vicinily of e
vhorus,

Males ol" Lo splendicdo called Trom exposed
positions either on the near vertical chit fuce or on
natrl ledges upon the roeky surfiees The tyo
recorded males were calling approximately |5 and 2 m,
respectively,  above the  pond. Several  othes
individuals and amplectant paies ol Lo splendida
were observed inosimiliae positions, Muales of f
cacrifea culled from similar sites on (he ok Tace as
well as from elevated positions in swroundiog trees
and on the ground near the pond, Litoria rahella
cilled from ground-level sites near the pond and
Limnodynusies ornatuy called whilst Moating in the
watet.

Although we did not observe pair-formation o
vgo-laying. pairs of Lo splendida con remuain i the
fratng embrace tor prolonged periods. at feast vy o
24 he We abserved several amplectant pates silling in
the open, or in cliff-face crevices, throughout
duylight hours before the night of chorus aetivity
described above, Presumably these frogs hud entered
amplexus during the previous night,

Deseription of call

A wave-lorm display and spectrogram ol the ¢all
of Lo splendida ace shown in Fig, |, Table | ists the
vilues of measured call attributes, The call is o long,
pulsed and apparently  well-tuned  call that s
reaularly repeated (masimum call rate observed wi
36 cylls min'), The ¢all is broad-band but has @ tonal
quitlily hecause ity relatively high pulse rate (which
exceeds the temporal resolution of the homin
auditery system and  hence our ability fo defect
pulses at this rate) is perceived as a comples tone.
The call is characterized by a very slow rise in
amplitude with w0 rapid cut-ofl aller muxtmui
intensity is reached. The calls of hoth individuals
displayed o number of Trequeney peaks in the power
spectrom (Fig, 2, Table Ty sl an inter=peak interyal
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Values are busod vp analysis of five calls of two individuals. Froes weee calbing on o sapdstone chif fiee between 1.5 and

2 abave d pond. Temperatiures al the calling site were A, =

show the mews wnd rnpe cin parentheses).

255" Cand A = 251" C. Values for the Girse three attribuies

Call No. of Pulse Dominanl Other Notahle
Individual Iuration Pulses Repetition Freguency Fregquencics
sl Rateips ) (H2) (He
Cue i bt 4 K2R 1238 | KM} 00, 520, ndi) 780
(H25-703) {79-89) (I204-125.2) 9200, 1040, |16,
1440, 1500, 1680
i #2 706 §12 114.5 1Hh) 5201, 6, T6E), RS0,
(BE7-83 1) 174-94) CHORR LI ) 1000, 1260, 1520,

1640, 1766), [ 880




CALL OF LITORIA SPLENDIDA 121

H 4 P Twder srte Beds F4 ac e e ;s
24 e vt s e e > e 4 e
B I R )
P = DD 5o « Sroga s o - oghin) inlon gy

T nr cmapr wa 2si ame v @ o St e W

! ]
300 500 700
msec

Fig. 1, Wave-Torm Cupper) und audiospectrogrum (lower) of the call of Litoria splendidu recorded in 1idden Valley,
Knnnnurra Western Australia, Wet-bulb air temperatire af the calling site, 25.17 C. Nole that the ordinate ol the wave-
torni display is not labelled becaase it depicts u relative linear scale in volts. The apparent vertical discontinuity ut around
600 ms on the audiospectrogram is an artilact of the printing process,

Panir 20 Atrtbies of ¢ vepreseniurive call of Litoria cacvalea recorded in Hidden Valley National Park, Kuinra

Western Australia.

Temperatures af the calling site were A = 255" C and A = 25.1" C.

Call No. of Pulse Dominant Other Nuotable
Duration Pulses Repetition Freguency Frequencies

(ms} Rate (p s (Hz) (H2)

210 32 147.6 1440 4400, 580. 720.

1140, 13000 1580
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Fig. 2. Power spectra of the call of Litovic splendida weross two ranges of Frequeney: O =4 Kzt showalelnls ol eneigy
peiks ond O« 8 KM ta show that shere is relatively linle energy in the call above 4 Kz

ot upprosimately 120 Hz, Maoy of these Frequency
components result from amplitnde modulation of a
harmonic series generated by (he vocat cords
becuuse the interval between componenis as neurky
identical 1o the pulse repetition rate. Because ol
resonating and filtering charucteristics of the sound-
producing stuctures of the emitter, some ol these
frequency bands are emphasized, particulurty thase
arovnd 520 (? the fundimental Frequency ol the calh,
(400, 900, 1280, 1420 and 1540 Hy (slight variatians
around modal values oceur because Negquency values
are meisueed in 200 Hz osieps on the digial
sonagraph), These spectral mudificaions make it
difficult to determine confidently swhich components
are parl ol the harmenie series and which are side
hands arising  Trom woplitude moduolation. The
requeney  bamd  with most energy (dominam
Irequencey) dillered between the two recorded miales
(1280 for nale #1 and 100 for male #2). with no
within-individoal variation (within the resolution of
this unabysis) found in the Tive calls ol cach male that
were analysed. Although the ealt includes specuat
energy peaks across a kaege frequency tnge (from
arovnd S0 @ 4000 Hz), litde energy s preseot
sbove J Kbz (Fie, 2).

Cliorpis steibe jure

Although only thice other species were calling
chorus with £, spleadidda, the chorus structure is ol
particulir interest becanse the morphologicadly,
behaviourally and ccolagically similar species. [,

carvilea, was aconspicuous component (Fig, 3),
Alributes of o representative call o syntopic L.
caerulea are listed in Table 2 und o wave-form
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Fig, 1 Audiospectrosram ol part of the chorus of T
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species reenrded in Hikden Valley, kununuir Western
Australin. In this secarding Litesio spleadichs has the
loudest eall, with Fickgound calls of 1 eacrde,
prohe tle i the very shom call of Linsmodyinisies areonny,
Elecnive temperataies for calling majes were: wei-bilb
wie temperature (L spdasdih, L. cacenten, 1o ridndlas,
251 Cand water wempeennre (L. arnain 263 .
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Fig. 4 Wavelorm, audiospectrogram and power spectrum of the call of Litoria caerulea recorded in Thdden Vailey.
Konunurra Western Australia. Wet-bnlh air iemperature anthe calling site. 25,1 C. Note: (i) the ditferent temparal seales
on the wave-lornt and spectrographic displays: (it) that 1the ordinate of the wave-form display is not kabelled hecause it

depicts wrelative linear scale in volts,

display. spectrogram and power speetrum arce shown
m Fig. 4 The call has a similar dominant frequency
and browd spread of peaks ol encrgy as that of L.
splendida. but it is considerably shorter, has fewer
pulses. @ much Taster rise time and less sbrupt cut-
olf, as wetl as a higher call repetition rate (130 calls
i), To the human ear, the call of L. caerudea has
i harsher, Tess well-tuned  quality, Nevertheless,
becunse of the broad spectral overkip between these
two farge species and their use ol similar catling
pusitions there is the potential lor signilicant
acoustic mterlerence between them.

Our observations ol calling and breeding in /.

splendidea do not support the previous speculation
that this species breeds only in the carly wet season.
Although our observations were made in mid-
Banuary. the wet scason of 1996-97 was well
established, two cyelones/ruin depressions having
already  passed over the Kununureg aren in the
preceding Tour weeks (pers. obs ). During our visit,
heavy altermoon rains fell on most days and (his
stimulus appeared 1o trigger culling und breeding in
L. splendida, Successlul reproduction also requires o
continuous aquatic habitat for larvae o complete
their development and it is likety that 1. spleadidea
will successtully recruit new individoals 10 the
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population only during wet seasons that have
sufficient regular rainfalls to maintain temporary
ponds. Although we have no information on the
ultimate fate of larvae from the breeding episode
reported here, it is likely that the pond in which
brecding took place remained in existence for much
ol this season, which was marked by substantial and
regular rainfall. This oulcome contrasts with the
calling and possible breeding reported by C. Done
[rom a nearby site in Hidden Valley. When this site
was visited by one of us (GFW) a short time
afierwards, no free water was present and larval
development would have been impossible. From this

experience of the unpredictable rainfall patterns of
this arca, cven in the “wet” season. it is possible thal
successful reproduction in L. splendida is a relatively
uncommon event.
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